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»Wtt. 1 V--r*^*-K (LD) , «*^*-K (LED) 
[0 0 0 4] 

1] 2002-544673 -§-{&»o 

[0 0 0 5] 

[ijfftM^ ] #HPH 5 9 - 1 6 1 9 6 6 ^-<Zr#o 
[HWOH^] 

S eWHB tR^ttfcJ:^ *«* «k * ft *t TlMffci- * * « <9 ft < 
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mm * matt ztztb o^m 

i£* <b *Oia««*lRl^ott» ^^CiM, ***** & *>ifc&te# $ 

ib k fa-t-r a fc * , * w ffi * * f&#3£* mifc^i*. 

*fc°±1E**Mtt. AUY, Ln, Sc. La, Jd ; Tb,Eu, Ga, In 

Sr, Ba, R0 t Zn*fea4R**t^*<kfe-oox*k. C. S ^ Je, S n, 
Ti Zr £.£FH f ^^>S^$tL^* < k — oO;m* k f±IXf^()I 

*#£Hrtfo */- ±ia*«?«^ »fMfc***fls r**y±* 
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4 L° lsi**««*r KXtt $ 3 W/ cm 2 tt± fc * J* • ^ £ 

% % XK* Mtt Alt * * * - t ft ffcft^ tWit^lS, 

[0 0 2 2] 

««H# ft £ tt 3&9J * -t * *= *^ K e^ft L r v » a t i ^ *** a o 
^r*B*S««®*k^ «**©BBWW*W**u «*»?*222£I« 
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[0 0 2 7] 

T^$^tv^ifc*v>v\ Jg£- ^ iiT H5 -e^^#tb Li^ti^^^o -tt 
[0 0 2 8] _ 

tzmmitLXtX^o *EltM«tltli, AU Ag:£<}:O f Rh<7> < fc9&£l-feO 

v» c ttisst s # £ j&fc l > & h m s* -r a jfe *■ k -c 

[0 0 2 9] 

±mftKtt&n*i&%kMtfKummiz2itz^&bLxi*, 

[0 0 3 0] 

©^STOSfeo^lfiaKUHt+a ±^4liliIWSit^lSo ffiMtt* Jfcftffl, 

ttX^ZXiKWWibZtiZo 

[0 0 3 1] , 

[0 0 3 2] 

k Alts fr* 3 w/ cm 2 a±, tfc. i&*«*^mat«r«:x$ • 

£fiP£L<lil 0 OICJ^Tt $tta 0 £*t£J:«!K *Lfc*3BII 
[0 0 3 3] 
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10 0 3 8] ^ . . , , 

[0 0 3 9] _ . , 

¥«#fc3ftfcft||MS#tt, lk«k«#*»*-r*«*f©«l^***C [W/mK] H 

0. 05<d< (C/8 0 0) • • • (Al) 

^ij x. iS\ Ifiiii^Mt LtfiMt W4 1 1, d [mm] ii. aT^iitT 
££ fc7&*Sf i LV> 0 

0. 05<d<0. 5 • • • 2 ) 

d [mm] ti> ^©tSitt^it^SfJ U 5 o 
0. 05<d<0. 25 • • • (j* 3 ) 

££T% d©ft±if i«^<t4t, iwfc«*fo»att* , *s 

ST? 4 < 

[0 0 4 0] 

t*4 0 ftlfttt. %^MOtB*4t'%#^LTtt^^§$^^JJ ; 

[0 0 4 2] 

k & n % i mte^ftm^te , &itft*®m-t zz£ ^tM^t^i/- 

^iffft**^©*^^ BN ^ SiC ^ ZnSe^GaN> InGaN, InA 

IGaN A'lGaN, BAlGaN, B I nA 1 G aN*^©*W*'f4it 
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*tfSMB»*MM*^ I n*G a*#trft<fc»¥*#i: LT I nx A 1 y G a i - x - y N 
oSx OaSY X + Y^l) »^^o «#©IBH:fCtt, MI St*6\ P 

t-#p *»k & - fc *> ° 

*fc6i:ttt7T>f7«tffl^c:tmu».£Ot77^7^MOCVD 

Se, Te, C**«JL«X1-*£kW*bv».-^ pIM+«MM^« 
»^»± oiBK-><> K*SZn, Mg, Be, C a > Sr> B a«>-73*4. 

u-W Cu-mL aIN Si, SiC^ 5 ,^WW:«l> 
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. AK&R. ****** m2<D Jff1t /a 

vu W/A l/WP t/Au^tWf^^t^o 
[0 0 5 2] 

««Lfc*fr«?*«*»*v^ ||ft»Ht«*««ffil k k * ******* 
t4 ^ ^ v _ y enJB0> >f > * v x y h jk*, > ^> ?L)is«J^tt* (Dj&J&ljm t 

[0 0 5 3] 

*«oiWi:ffiv»6M7*5-'>A • >**6»t», Alt*** *oY 

Lu Sc La Gd, Tb, Eu^Sm*^«Hm< 

t-o©5B*lMt***i.*:«*»^*9, LED** 

YA 10 3 :Ce> Y3AI5O1 2 : C e> Y 4 A 1 2 09 :Ce, (Yo 
8 Gdo . 2 ) 3 Al 5 Oi 2 :Ce,Ya (A 1 0 . s Gao . 2 ) > 5 O 1 2 . C e 
,Tb2. 9 5 Ceo. 05AI5O12.Y2. eoCeo. 0 5 Tbo . 0 5 A 1 5 
n,o Vo o.reo osPro 01Al5O12.Y2.90Ceo.05i' 

I" Sm.) 3 (Ali-,Ga y ) 5 0i 2 :Ce («*<1, J*/* 1 * ^#U±{ 

(Rei^Sm*) 3 (Ali-,Ga,) 5O12 : CeSMH> & 
Z 0 itz. §k%^-**> 5 3 0 nmtt&K&*) 7 2 0 nmni^K^-^W 

ffiiE#2 0 0 4-3 1 2 0 4 1 2 
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2«*a±© (Rei-xSmx) 3 (AU- y Ga y ) 5 0 1 2 : C e ******* 

Ka±wtt*rojSt ****** i t**"^* *o 

* * rife*^ * *& m m<D *ft 0 i t £ & o f&^ste - oil 

/f&^£«rk -CRM* fc^rabfUJBi" * -t^-eSSo 

l 0 0 5 9 l — 2 HI I 1 f\ 

YAG*t*#t«it*^ JftttffiUfcfcLT (Ee) =0. 1W- cm «±10 
0 0W- cm" 2 ^TWl^SR^fcft^S^tta^^^Klt^ii-fear^ti^v^-rifl.^ 

k jb v* & *l* * y 9 a t#m £ *Lfcmkfe***»*^r« * y a g 

4 2 0 nmH4 7 0 nmW$«a^^ 0 ttz, p & 5 1 

0 nm#2i:**l 7 0 0 nmft5£*T?«*3l < K^SS**"** l^£l#o 0 -2f. 

* y ^ A ^ W $ frfc -f * > V * A • T Ji> 5 - V A BHMfc&£3frfc-e & fcttkifi&m 

h/K&tf- 4 2 0 nm^t»4 7 0 nnitffii:5«^^^o *#fc 
-*&*A p#6 0 0 nm#i£i:*5 7 5 0 n m#i££ -CW*9I< - Kfcf&fc*'** 

iT-*X tifi*£*#ofcYAG*&##<Difcj£©P'3, A 1 C-«*Gatf«t4ifc 

a^oM&tt&fii*.^** Ywesi* t 2«*?»-e»i. itfe****** <m%j&fr& 

A L (D-gR £ G a T?1Hfc-f T-ibfe^iDl^ ^ Y C^bU * 

•7h-r*o YAG^fjfcWiSM^^^ H**^©^*'^ 
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•f Yn G d , Ce, La, A 1 , Sm, Pr, TbRlTG aORttkUi 

Ltk^^o X!±, Y> Gd, Ce, La, Sm, Pr, T b ©*±«bc**flS** 

-fb T >*^^A*07y<b»*a*»^L^*tf*KB*- 3 5 0- 1 4 5 0 C 

©Wftttt *^<&«**atetfctt*M»fc7? ****** i r ?tSE«^? 

[ 0 0 6 3 ] 

ra»sp i < M^f* $ * & ^ * * o 

*>* £ t f^H-eiSo i^OYAG ***** J: 01fl«*«*»B , 

10 0 6 5] 

. 7; v5-7A • if-^y YTM&ftfctli, (Lul-a-bRa Mb 

)a (A 1 i - c Gac ) s Oi 2 (fiU RliCe t*«fctW< iUta±© 
*±«5B*-e**. MttSc, Y, La, GdHWHW< i* lt«3C»T* 
19, 0 OOOUa^O. 5, O^b^O. 5, 0. 0OOUa + b<l, 0^c^ 

0 8T*4o ) -ejESttiat*^**- flSxtf. (Luo . 9 9 C eo . o 

1 ) 3 Al 5 Oi 2 , (Luo.9oCeo.io) 3 Al5 Oin jLuo . 9 9 C 
eo. o i) 3 (Alo. 5 Gao. s) 5 Oi 2 ■C«*tL*«**T?**. 

[0 0 6 6] 

;Vff ^ >7 ^^^A • (Jar, rLAGm^*#J twxz 
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fi*mi:75 7 *X frill*. Tift* U K«-»^»«r»*- £ ©JMWfrW * * ^ * 
«5Btt#HA+> 1 2 0 0- 1 6 0 0t«U **Plk 

0 oMSi^LO. 0 1-1. omi^Oi£HT-«n)-&o «Hfc*fMM*. #M*JO-b 

i) v j**mit2M^M7t&^m%.tfft£ lv^o ****** 3. o#a%aT©*» • s 

*<Dia^55T^#H»**± 0»4 lv». jftjSiftJKtt 1 2 0 0- 1 6 0 OWi b < , . S W 
O+^tta<0**#*#&-fc*«T?**« J: L< t± 1300-15 OOmSo 

[0 0 6 8] 

JR5B»-C*oT, Ce, La. Pr, Nd, Sm, Eu > G d , T b. Dy 

. Ho. Er, Tm, Yb, Lr RttCeO*tUV^, CefcCeWf 

Omo i%JSl±**S*Ltrv^ifc#»4Lv» 0 a* (R*) ti> 0 . 0 0 0 1 Ja JO 
5 ^jfit<> 0. 0 0 0 l*»T*±»^lfcMfiVTU 0. 5*«x.-C%#fl&H*k 
ioT«*»K#ftTt4. iUffiK^ 0. OOUa^O. 4 ^ ? j> ^ * V ^ 
(± 0 0O5^aS0. 2"C**o b>|g (MS) l±> O^b^O. 5«L<, i «5 
L< I40^b^0. 4t*i), HWIKliOSb^O. 3 0Ox.^ M 

#YO*fr, b«)&*0. 5fr»x*fc«ifte#tt«~®te«™^ #K3 6 0-4 1 0 
n miiC i 1:®T L t L ^ o cI(Gal) It, O^c^O. 8 

#£L< J:f9$fiL<t±0^c^0. 5"C&*K $ & **# t L < (4 0 ^ c ^ 0 . 

LAG^»Wg(±l~l 0 0 ^mOlEBl3& s »4 t<, J:*)fif*L.<tt5~-5 
0 u mWilt* «3 . $f,t:^L<li5~15/<ni«^5o 1 ,i m J: O** v»£ 
«*#*»*b^-rv*«*IK**. iW=ttU 5 - 5 0 ^ mOttMHOft* 

<> «Kil2 2 0%~5 0%ri*Sf£ tv^o i©i?S:S#©^77^^$v>f«ffi 
°l 7;W^-^A • if-^y >SS*fttt3 0 0 nm~ 5 5 0 nmtf>&ft*£<7) 

#frWBLTefe*Oiftfejfc*3M-*S&*Mtt, ft*<0S^SE*fcJfc«LT*<&«fete 
*ieiJ±$**ifc*»-ei*o LAG*S*fltli, YAG***»fcJtttLTj«« 
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[0 0 7 1] 

^^-e^ffl^tLSm^fi. N£^<&. ^Be, Mg, Ca, Sr. Ba, A^Zn 
^lbM§^*<H-^tt> C. S i, Ge, Sn, Ti, Zr, XVHf 

r2 SisNs :Eu, P r , B a 2 S i s N s I E u , P r , M g 2 S i s N s :Eu 
Pr, ZnaSisNs I Eu, P r, SrSirNio I Eu, P r, B a S l 7 N 
io "Eu, C e . M g S i 7 N i o : E u , Ce, ZnSi 7 Nio I E u , Ce, S 
r2 Ge 5 Ns : E u, Ce,Ba 2 Ge 5 N8 : Eu, P r. Mg 2 G e s N 8 :Eu 
P r. ZnaGesNs I Eu, Pr, SrGevNio I Eu, Ce, B aG e 7 N 
io : E u , P r . M g G e 7 N i o I E u , Pr, ZnGe 7 Nio :Eu, Ce, S 
n 8 Cao. 2 SisNs : E u, Pr. Bai. sCao. 2 S i s Ns : E u, 
C e. Mg i . sCao. 2 SisNs ! Eu, Pr, Zm. sCao. 2S15N8 

1 E u, Ce. Sro. sCao. 2 S17N1 0 : Eu, La. Bao. 8 C a 0 . 2 
Si 7 Nio I Eu, La.Mgo. sCao. 2 SirNi 0 : Eu, Nd. Zno. 
sCao 2 Si?Nio I E u , Nd. Sro. 8 C a 0 . 2 Ge 7 Nio I E u , T 
b.Bao. sCao. 2 Ge 7 Nio I Eu, Tb.Mgo. sCao. 2 Ge 7 Ni 
0 :Eu, Pr. Zno. s C a 0 . 2 Ge 7 Nio I E u , Pr. Sro. s C a 0 . 

2 SieGeNio I E u , Pr.Bao. sCao. 2 S i e G e N 1 0 : E u , Pr 
.Mgo sCao. 2 S i 6 G eNi 0 : Eu, Y. Zno. sCao. 2 S 1 e G e 
N10 : Eu, Y. S r 2 S i 5 N 8 :Pr.Ba 2 Si 5 N 8 :Pr. Sr 2 SisN 
8 :Tb.BaGe 7 Nio:C e fc* ii^if hfL^^^fi^U^H^o m.ttM&% 
#fc*#W&*±3H5£*tt* Y, La. Ce. Pr. Nd. Gd. Tb, Dy. Ho. 
Er, LuWH^4< fct laja-h*****^ ^iik^SUV^ Sc. Sm. 
Tm. Ybm^tLT^tUK d*it>tf>#±S7C3Rtt. #fro^fi, Mftk << 3 K 

[0 0 7 2] 

&K*&ftmt. Unifima^^S r-C a-S i -N : Eu. C a-S 1 -N : E 
u. Sr-Si-N:Eu, Sr-Ca-Si-O-NlEu. Ca-Si-0-N:E 
u S r-S i -O-N : E ulv'i zi h^W KT**o i^)W»M^7C 

-*fc*Lx Si Y N( 2 /3X + 4/3Y) : E u£L<«Lx S i y Oz N < 2 
/3 x + 4/3Y- 2 /3Z) :Eu (Ltt, Sr. Ca. SrfcCa^W.K 
f£Sn* 0 -«*, XXtfYtt, X=2. Y=53U*. X=l. Y=7 2*?^£?^ 

SrxCai-x) 2 Si 5 N 8 : Eu, Sr 2 SisNs : Eu, Ca 2 S i s Ns : 
Eu. SrxCai-xSi 7 Nio I Eu, SrSi 7 Nio I Eu, CaSi 7 Ni 
0 : Euf*$WfMtffflt^i:^^^ coj&jfrfcO&Jft+fctt. Mg 
, Sr. Ca, Ba, Zn, B, Al. Cu.Mn. C rXVN i ^ftSffi 
*4>*< fc laJSLi^^^tt-CV^Tt J:v>„ Lti. Sr. Ca, SrtCaCV^fti 
SrtCaii, ^KiOE^Wntii^i*. «*»©«CS i 
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Li Na K, Re, Mo, Fe, Sr. Ca, Ba. Zn, B. AU Cu, Mn 

-f * V y* A T * * - * ASftWttf«t * * 
T ;V^ - * A^tMMfS^&l^^^S^^^*^ ^^ Tc P- 4 6 0 

Tc p = 4 6 0 0K#iSi:i3V>t#^felf«R9t4 0#^J^*4it^l^ 

o 

( (S r x C a x - x ) 2 S i 5 N 8 : E uj 

i«^^fflt^Hti«o iftWSr, Cafctt, B, AU Cn, Mg 
Mn MnO Mn 2 0 3 . Ala Oa ft ****** * Ott *V>. S r. C 

uft±m«iku^^ ***** «»atjflv»iatcit. 

Kft*W ft fc-C#£o S i 3 N 4 , Si (NH 2 ) 2 . Mg 2 

S i %ms 0 »S i WJWKtt. 3 NJBUt© A 1 2 0 3 . Mg 

, (Cos B. N i 3 B, C r B) , Wk^y>, H 3 BOs > B 2 O3 

C112O. C u O* ^Mm^^tv>T^ iv> 0 S i WMOS r. Cat 

o S i ft-frW^TOttftli, ft 0 . 1 /1 m*» 5> 1 5 ^ mt?*4 i i ^« 

{HIE# 2004-3120412 
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[0 0 7 9] 

Sr. Ca^ m.mm-W%*-?m.itirZ> 0 Sr, Cat*. »<frLTfl<tLT<t>Jil 
v*L. fJifW^CiftU^^. ZtiK£«), Sr. C a Oflft»«r#* - t 

sJTakdiSr-CaWlitW^no Sr. Ca. Sr-Ca«» 

HM*t^ s i<^a«^w-r^o ra*»fc. eu«»eu 2 o 3 t»#ti. i 

JtBKttifcWU Mg. Sr. Ca. Ba. Z n. B. Al. Cu.Mn. Cr. OX 

T«n$tL^,o HsBOs. Cu 2 0 3 .MgCl 2 .MgO-C 

aO. A 1 2 Oa . (CrB. M g 3 B 2 . AIB2. MnB) . B 2 Os 

. CU2 O. CuO^W^o 

JtB»**ffo*:|fc. Sr. Ca. Sr-CaOim S i Ottt, Eu«» 
Eu2 O3 tii^U Mn«WS, itLfc^ift-frfcli, BMk3*L*-*-v*fc*, Ari 

[0 0 8 3] 

Sr. C a. S r-C a»t», S i ©Sftft, Eu^*Eu 2 O3 © 
S^»*7>t-7*HHt"t, m&lrZo &ftfc.fc "5. Mn«?W: (S rx C a 
1 - x ) 2 S i 5 Ns : Euf$SWS*#W^^^« 

[0 0 8 4] _ . 

ttftli, tftt* 3 . >MfliK fcJBtt* 5 . 
tt 1 2 0 0*»?. 1 7 0 Ot©*6BT?«6lS*ff^fc* , "f 1 4 0 0*5.1700 

C^M^KWt LV^„ fcfttt. fc*.»*frV» 1 2 0 0*^ 1 5 0 0 <C 3? K S 
ft * ^ -«»*«t«it 4 £ i L 8 0 0H 1 0 0 0tt-g»lO» 

J&Zft^ ®*KMLX1 2 0 0*<b 1 5 0 0TC-C-a»BO«ft*fT^-«»*ft ( 
^S»«feft) *«fflt4ik<>l?i4. jgfttfWflM*^ fitt*** (BN) o 

^- (A 1 2 Os ) #Jto«o«t|tffli-*ik*"C**o 

«81-**\ *»Wlc*v*«ctt, ±itUYAG*i36#iW*©*t«*iriftl* 

#tt, »« l 4 0 0- 6 0 0 nm«*Pi9-rliS**Ltft*t4S36#-e*^ tfflx-i* 
.Y 2 0 2 S:Eu. La 2 0 2 S:Eu. CaS:Eu. SrS:Eu. ZnS :Mn 
. ZnCdS : Ag, Al. ZnCdSlCu, AlW^Mo COioKYAG 

[0 0 8 6] 
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******* t=ttwu« iTuv»u=i^ ******* * 

fi ICE* $ *t * J: } * * - * * ^ v ^ • J 21 1 St J " f * 

[0 0 8 7] 

LxMy OzN I (2/3x + (4/3)y- (2/3) zl *. R . 

fc*!U LttBe.Mg, Ca, Sr. Ba, Zn*&«»^lRHW<ki 
1*©5E***U MI4C, SU Ge, Sn, Ti, Zr, Hf ****** 9*** 

4, x, y, zttJ^LT^Sitffi *o 
x = 2. 4. 5 ^ y ^ 6 . 0. 01<z<l. 5 
Sfcttx=K 6. 5^y^7. 5. 0. 0 1<z<l. 5 
JM4x=K 1 5^y^2. 5. 1. 5^z^2. 5 

o * «b i 7 o o x: *tf n k * u < , 1 4 o o * & 1 7 o o com 

HWtUo *«*»OK#H4, Mtt*** (B N) *-h*rffl 

v^riwfittf^ i1t^^S«^i'> 7;v?t (auoj ) 

[0 0 8 9] 

°(2-x-y) SrO-x (Ba, C a) O • (1-a-b-c-d) S i O2 • aP 2 
0 5 bAl203 cB 2 03 dGe0 2 :yEu 2 + 0<x<l. 6, 0. 00 

5<y<0. 5, 0<a> b> c> d<0. 5-C&& 0 ) 

(2-x-y) B aO • x (Sr, Ca) O ■ (1-a-b-c-d) S1O2 • aP 2 
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0 5 bAl 2 O3cB203dGeO 2 I yEu 2+ 0. 0 Kx<l. 6, 0 

0 0 5<y<0. 5> 0<a. b. c. d<0. 5"C^^ 0 ) 

*y±«tt*T*r/Wi*y (v, p, si) 04 :eu, ifci****?***.*™ 
* u ±«^m- ^ ^* 9 a - fc * * * * • 

Me^S-l-y) MgS i z 0 3 : xEu, yMn 0. 0 0 5<x<0. 5 

, 0 0 0 5<y<0. 5. Me 14, B.«tF/*fcttS r«^/*fc»Ca^t 

° ke* *«o»»Mtt*r^*y±*A«s»a^e>****#^«a^«*K* 
*u±«i!7;vr/^Y (v, p. si) o 4 : e u, ,Y; iOj is : e u <o 

[0 0 9 4] 

***S5S«^V, Lm*&TO«0*i:J:9IM5*Wjtttii 

(?) Eu, Mn*mukMntfW«^*V±«^^M>M*# 
; M. (P0 4 )3 (CI. Br) :Eu («U MttSr, Ca ; Bj, Mg 

i6WRW*^<fc*-«) ,C»n (P0 4 ) e ClBr :Mn. Ru**©* 

«T. BaMgi All e Oi r : Eu. BaMg 2 Al i 6 02 7 I Eu Mn. n 
Al i 4 02 s I Eu. S rAl 2 04 : Eu. CaAl 2 0 4 : Eu. B a M g A 1 1 
oOi7'Eu.BaMgAlioOi 7 :Eu, Mnft^SM. 

(3) E ut^iS^t^MM*^ = ^^'^ La 2 0 2 S:Eu. Y2O2 
S-Eu. Gdz02 S:Eu^ if (Dikitfo* 

(4) (Zn. Cd) S : Cu. Zn 2 Ge04 :Mn. 3. 5MgO • 0 5 M g F 2 
• Ge0 2 !Mn. Mge As2 Oi 1 :Mn. (M g . C a . S r . B a ) G a 2 S 4 
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